Honey bee colonies are often infected with Nosema apis and Nosema ceranae which cause adult honey bee disease called nosemosis. All honey bee colony members can be infected with these species. In addition, it is claimed to be the main cause of honey bee winter losses in many countries. Nosema spores are expected to resistant the environmental conditions and their infectivity continues for a long time because of long-term durability of fungal spores. In this study, the viability of Nosema spores were investigated in terms of storage situations under laboratory conditions. Honey bee samples that were collected from apiaries in 2011 were investigated to detect the presence of Nosema species with real-time PCR amplification studies. After determination of Nosema species, each sample was divided in two groups. One of these groups was used to find Nosema spore concentration. Nosema solutions were divided and stored at both -20°C and +4°C. The spore concentration was measured every year in the period 2011-2015. Other group of honey bee samples was also stored at -20°C and every year was used for Nosema spore counting. Furthermore, it was examined the infectivity of Nosema spores with sugar solutions which obtained each sample using cage experiment techniques. According to results, when we compare the solutions annually, there is no change at Nosema spore concentration of the solution in -20°C and honeybee samples in -20°C. But reduction was seen at Nosema spore concentration of the solution in +4°C. Nosema spore infectivity tests revealed that infectivity of Nosema spores has not changed significantly between 2011 and 2015. This is the first time mixed Nosema spores found more infective than one-type spore after prolonged exposure to different conditions.
Introduction
Nosema apis and Nosema ceranae are parasitic organisms that cause adult honey bee disease called nosemosis and honey bee colonies are often infected with Nosema species. Honey bee colony members that consisting of the queen bee, worker bees and drones can be infected with these species (1) . In addition, some researches claim that nosemosis is the main cause of honey bee losses in many countries and Nosema ceranae has contributed to CCD (Colony Collapse Disorder) (2, 3, 4, 5) .
N. apis and N. ceranae that are included to Microsporidia show their effects in different ways. Nosema apis-borne nosemosis is one of the most common and most economically damaging diseases in Apis mellifera. N. apis identified more than hundred years ago and it was known as the only factor of nosemosis seen in honey bees before the discovery of N. ceranae (6) . N. apis may cause deaths of the weak honey bee colonies, but it does not cause to death by itself generally. Although this panzootic parasite does not have high virulence, it shortens the life of the worker bees and causes weakening in the colonies infected at high quantities. In addition, it causes of the decline or loss of a honey bee midgut function (7, 8, 9, 10) .
A new species of Microsporidia, N. ceranae, was discovered in Beijing, China in 1994 and it was detected to infect Apis cerana, eastern honey bee. In 2005, natural infection of N. ceranae have been identified for the first time in A. mellifera colonies with the SSU rRNA gene sequencing method in Taiwan (11) . Today, this parasite is commonly found in A. mellifera colonies in Europe, North America, South America, North Africa and Austra-lia (9, 12, 13, 14, 15, 16) . N. ceranae is a dangerous pathogen for A. mellifera and it shows more lethal effect than N. apis. It is known to cause mass deaths and losses in honey bee colonies especially in strong colonies (17, 18) .
Although N. apis and N. ceranae spores have similar morphology under the light microscope, N. ceranae spores have slightly smaller and more circular form than N. apis spores. The main differences between these two species are determined by electron microscopic structure and the small subunit (16S) rRNA and ITS region gene sequences. N. apis has 30 polar filaments under a transmission electron microscope while N. ceranae has 20-23 polar filaments (19, 20, 21) .
Nosema spores are expected to resistant the environmental conditions and their infectivity continues for a long time because of long-term durability of fungal spores. The aim of this study was to investigate the viability of Nosema spores in terms of storage situations under laboratory conditions.
Material and Methods

Collection of honey bee samples
In this study, apiaries that have different geographic and climatic factors were selected and the most appropriate areas were identified. Adult Apis mellifera anatoliaca and Apis mellifera caucasica from each of 169 apiaries were collected with field studies from 3 different regions (Artvin, Burdur and Isparta) of Turkey in 2011. Especially, an appropriate hive which shows nosemosis symptoms was selected in each apiary and 60 worker bees were taken from each selected hive. After collecting the honey bee samples, it was stored in the dry ice box during the field studies.
Identification of Nosema spp. from adult bee samples
Ten apiaries were selected from 169 apiaries and honey bee samples were used from taken these selected apiaries for the Nosema spore longevity researches. First of all, these selected adult bee samples were examined in the laboratory for the detection of Nosema species. To identify Nosema species, Real-time PCR amplification studies were performed. For this purpose, Biospeedy DNA Isolation Kit (Bioeksen, Turkey) was used for DNA isolation. After homogenizing 3 adult honey bee samples, each was transferred to a microfuge tube weighing 200 mg. 400 μl Guanidinium thiocyanate (0.1 M Tris; pH 7.5) was added to the tube and was stirred at 3,000 rpm for 1 minute with vortex. The samples were incubated for 10 min at 95°C. After stirring for 1 min at 3,000 rpm with vortex, the samples were centrifuged for 1 min at 14,000 rpm and supernatant was transferred to a new tube. 200 μl of isopropanol was added in supernatant and mixed well. The mixture was added to a DNA column, waited for 1-2 minutes and after centrifuging at 12,000 rpm for 1 minute the pellet was discarded. 500 μl Wash Buffer (20 mM NaCl, 2 mM Tris-HCl, pH 7.5; 80% v/v Ethanol) was added to the column and pellet was discarded after centrifugation at 12,000 rpm for 1 min. This step was repeated two more times. After the column was centrifuged for 1 min at 12,000 rpm, it was placed in the sterile micro centrifuge tube. 100 μl solubilization buffer was added into the tube, incubated 1 min at room temperature, centrifuged at 14,000 rpm for 1 min and DNA isolates were obtained. These DNA isolates were stored at -20°C.
After DNA isolation, Real-time PCR amplification was performed by modifying the protocol of Bourgeois et al. (22) . Biospeedy qPCR 2 × Master Mix (Bioeksen, Turkey) were used for this process. ITS region has been targeted to distinguish Nosema species by using Nosema spp. specific forward primer ITS-F5'-TGAATGTGTCCCTGTTCTTTGTAC-3' , Nosema apis specific reverse primer NapisITS-R 5'-TAATTATA-ATCTCCTTGGTCCGTG-3' and Nosema ceranae specific reverse primer NcerITS-R TAAATATAATCTCCTGGTCG-GTT. Biorad CFX Connect (Bio-Rad Laboratories, USA) was used in all reactions. The reaction contains 1.5 mM MgCl 2 , 0.2 mM dNTP mix, 1 × Reaction Buffer, 0.1U Fast Start Taq DNA Polymerase, 1 × EvaGreen, 4 ng/μl template DNA and 0.5 μM of each primer.
Spore longevity and infectivity studies under laboratory conditions
After determination of Nosema species with molecular studies, each samples was divided in two groups. One of these groups was used for preparing Nosema solutions with classical Nosema method and it was determined the level of Nosema infection microscopically. The spore solutions were obtained by homogenizing the intestinal contents of 10 adult honey bees from each sample. These solutions were centrifuged at 6,000 rpm for 10 minutes. After centrifugation, the supernatant was poured and the pellet was used for counting. It was added 1 ml of distilled water per adult bee on the pellet and was vortexed. These pellet solutions were used for count N. apis and N. ceranae spores on light microscope with Neubauer slide and infection levels per bee were determined (23) (Fig. 1) . Nosema solutions were divided and stored at both -20°C and +4°C. The spore concentration was measured every year in the period 2011-2015. Other group of honey bee samples was also stored at -20°C and every year was used for Nosema spore counting.
Furthermore, the infectivity of Nosema spores with solutions which obtained each sample was examined using cage experiment techniques. For this purpose, infectivity test were carried out with 30 Nosema-free worker bees per cage using each solution (-20°C and +4°C) in specific proportions. 30 cages were used for all samples and spore storage conditions, and the bees were infected with doses of 100,000 spores per bee. It was investigated whether there is any increase at Nosema spore concentrations. To confirm that the spores were infective, bees were sacrificed a week post-infection, and their abdomens were macerated in a mortar in 1 ml of water using a pestle. The presence and number of spores in each group was confirmed and determined by light microscopy in a Neubauer slide. Negative (uninfected) and positive controls infected with fresh N. ceranae spores were analysed in parallel. The evaluations were performed in terms of the amount of spores in bees with the results obtained from infectivity studies.
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Statistical analysis
After biological analysis, SPSS 14 software was used for statistical evaluation of data. Nosema spore concentrations were compared in terms of storage conditions in all solutions using one-way ANOVA. The differences between the storage conditions are shown by the LSD test and Nosema concentration and storage conditions were evaluated with dual comparisons due to the statistical results.
Results
Nosema species were initially identified in honey bee samples which are collected from 169 apiaries (Fig 2) . These were detected by amplification with real-time PCR species in honey bee samples. Determination of presence of N. apis and N. ceranae in 10 selected samples using proliferation threshold and melting curves obtained from qPCR results, cycle number (Ct) and melting temperature (Tm) data are given in Table 1 . It was evaluated that qPCR was performed with Ct <35 and positive results were obtained for N. ceranae at Tm 82°C and N. apis at Tm 85°C.
The changes of Nosema spores in terms of storage situations under laboratory conditions were investigated and pre-prepared solution or freshly crushed honeybee solution were counted from all samples every year. When compared samples in terms of storage conditions, it was observed that there is a significant difference in Nosema spore concentration ( Table 2 ).
The differences between the storage conditions were evaluated one by one and this difference was appeared to be due to the reduction of the amount of Nosema in the + 4°C storage condition ( Table 3) . Temperature is an effective factor for decreasing Nosema spore quantities although environmental conditions are not affect the concentration of spores.
The viability of Nosema spp. spores at each of the storage conditions assessed was expressed as their percentage mortality, assessed and Infection rates were varied based on deaths of honey bees. İt was evident that storage duration had no adverse effects on spore viability while differences of storage temperature had adverse effect on concentration of spores. The increase in spore infectivity assessed as the percentage of dead was observed in N. ceranae and N. apis spores stored at -20°C. Mix Nosema samples showed the highest infectivity in all conditions ( Table 4) .
Discussion
N. apis and N. ceranae are known to spread worldwide and this situation has become one of major problems for the beekeeping sector. In this study, Real-time PCR studies showed that Nose- 
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Negative control 0 ma species are widespread at honey bee colonies in Turkey. It is noteworthy that both species were found in some samples. According to storage conditions, when we compare the solutions annually, there is no significant change at Nosema spore concentration of the solution in -20°C and honeybee samples in -20°C. But reduction was seen at Nosema spore concentration of the solution in +4°C. Indicating that Nosema spore intensity can be maintained more in low temperatures whether in solution or in the intestines of honeybees.
Nosema spore infectivity tests revealed that infectivity of Nosema spores has not changed in all comparative samples between 2011 and 2015. Thus, there were no changes in the spore longevity in case of long term storage of Nosema. Although it has been many years, Nosema spores can become infective.
As a result of infectivity tests, although spores protected their vitality in all storage conditions, there was a decrease in the infectivity of the samples at +4°C (80%). Sample 1 and 6 which have Mix Nosema spores shows 100% infectivity in all conditions. It has been observed that mixed Nosema spores can protect their infectivity for a longer period of time. Thus, it was found that mixed Nosema may be more infective than one-type spore for the first time after prolonged exposure to different conditions.
A maximum of twenty percent of the inoculated bees escaped infection, all of which dies within 17 to 29 days. After the examination it was shown that all dead bees from the inoculated cages showed 100 % infection. It means that some of Nosema spores can be alive at all storage condition and these spores retain their virulence. VOLUME 1 ISSUE 3 | JULY 2017 | 221 The EuroBiotech Journal From this study, it is seen that the N. apis and N. ceranae spores can be very hardy microsporidians. When kept different storage conditions, these spores were found to be viable for 5 years. Revell (24) shows that refrigerated N. apis spores keeps its vitality almost 7 years. Our results are consistent with his results. But study of Collado et al. (25) gave opposite results compared to ours. They found that the best storage temperatures of both Nosema species were 25 and 4 °C. It is thought that Nosema species used in these studies may be varied by regional and genetic differences in based of resistance mechanisms. For this reason, it is necessary to carry out further studies related to storage conditions of Nosema spores using samples collected from different regions or countries.
In conclusion, we showed that Nosema spore longevity can vary due to storage conditions. Although the storage conditions effective on Nosema spore concentration, it has not led any change on Nosema infectivity with both Nosema species. It has been shown that Nosema spores may be infective after many years even if viable spores are in very small quantities.
